40(4) 995-999, 1991.--Cigarette smokers weigh less than comparably aged nonsmokers, and many gain weight following cessation. Though some evidence suggests that nicotine reduces food intake, with a selective effect on sweet-tasting foods, the issue remains unresolved. In the current study, 64 women (20 smokers, 26 never-smokers, and 18 ex-smokers) were tested for sweet taste preference; 9 of these smokers were studied under conditions of both ad lib smoking and overnight abstinence, in three hormonaily verified menstrual phases. 1) Although no overall differences were detected in taste preference among the three groups, significantly more smokers than nonsmokers preferred the higher sucrose concentrations. 2) No significant differences due to menstruai phase were observed. 3) Although preference ratings did not differ significantly between overnight abstinence and ad lib smoking, a subset of smokers who preferred higher sucrose concentrations rated their preference for the solutions significantly higher during the ad lib smoking sessions. Our findings suggest that smoking and nonsmoking women differ with respect to taste preference and that, at least in a subset of female smokers, preference is affected by nicotine abstinence/acute dosing.
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Abstinence
Ex-smokers Menstrual Nicotine Never-smokers Smokers Sweet taste CIGARETrE smokers have repeatedly been shown to weigh less than comparably aged nonsmokers, and many smokers who quit smoking gain three to five kg in the year following cessation (5, 13, 20, 26) . Though the reasons for this phenomenon are not fully understood, a number of studies have suggested that nicotine administration reduces food intake (14) , with a selective effect on sweet-tasting foods (6, (8) (9) (10) . Perkins et al. (17) have reported that hedonics of sweet taste are reduced in smokers as compared with nonsmokers. These investigators found no effects of acute nicotine administration upon taste hedonics, however; Gilbert and Pope (4) likewise did not observe any shift in preference for sweet foods following abstinence. There is even evidence in the animal literature to suggest that chronic nicotine exposure enhances appetite for sucrose (12) . Thus the extent to which postcessation weight gain can be accounted for by changes in specific taste preferences (and consequent changes in types of foods consumed) remains unclear.
In an effort to extend our understanding of these issues, we studied 64 normal and obese women (20 smokers, 26 neversmokers, and 18 ex-smokers) who participated in a test of sweet taste perception and preference. Because sweet taste preference may also be influenced by menstrual phase (18, 24) , a subset of 9 smokers was studied under conditions of both ad lib smoking and overnight abstinence in three hormonally verified phases of the menstrual cycle.
METHOD

Subjects
A community sample of 64 healthy women, not on medications, not pregnant or lactating, and not under treatment for obesity or eating disorders, was assembled as follows: 1) Fiftyeight women between the ages of 19 and 45 years old, unselected for smoking status, were recruited to the third author's laboratory to participate in various studies assessing taste perception and preference. The sample included both lean and obese subjects, with leanness being defined as weight below the 50th percentile for age decade and obesity as weight in excess of the 85th percentile for age decade, based on NHANES II data (16) . Subjects were classified according to self-report as current smoktRequests for reprints should be addressed to Cynthia S. Pomerleau, Ph.D., Behavioral Medicine Program, University of Michigan Department of Psychiatry, Riverview Building, 900 Wail Street, Ann Arbor, MI 48105. ers (15 or more cigarettes/day), never-smokers, or ex-smokers; three subjects who smoked only 2 cigarettes a day were excluded from the analysis. 2) Nine normal-weight women smokers [body mass index (kg/M2)<27; 15 or more cigarettes/day] between the ages of 20 and 39 were asked to participate in tests of taste perception and preference as an adjunct to a larger study of menstrual symptomatology, abstinence symptomatology, nicotine intake, and basal levels of cortisol and MHPG in three different menstrual phases under conditions of ad lib smoking and overnight abstinence (19) , conducted in the fourth author's laboratory. Additional inclusion/exclusion criteria for these subjects were that they be: a) not using oral contraceptives or IUDs; b) not pregnant or at risk for becoming pregnant; c) free of complaints or history of treatment for PMS; and d) menstruating on a regular basis, with monthly cycles averaging between 26 and 35 days [see (19) ]. The final combined database included 20 current smokers, 26 never-smokers, and 18 ex-smokers.
Procedure
Each subject in this study was exposed to a test used extensively by the third author (2) to assess responses to five different concentrations of sugar in water: 2%, 4%, 8%, 16%, and 32%. Each subject was asked to taste (less than one ounce) of each solution twice, for a total of 10 samples. Subjects rated the samples on a scale from 1 to 9 in terms of preference (dislike extremely to like extremely) and perception of sweet taste (not at all sweet to extremely sweet). Prior to sampling and between samples, the subject rinsed out her mouth with water. The sampies were arranged in a random order at each of the laboratory sessions to avoid an order effect. To rule out satiation as a confounding factor, the protocol required spitting out, rather than swallowing, both the sample itself and the rinse water.
The nine subjects who participated in the menstrual phase/ smoking abstinence study were studied twice during each of three menstrual phases known to vary in terms of ovarian steroid milieu and menstrual symptomatology: 1) The early follicular (EF) phase, during which most women are in menses and when estrogen and progesterone are usually low, was defined as Day 2 through Day 5; Day 1 was avoided because of the potential confounding effect of dysmenorrhea.
2) The mid-to late follicular (M/LF) phase was the time period following menses and prior to the preovulatory luteinizing hormone (LH) surge; subjects were scheduled between Day 6 and Day 11. This phase was chosen because it was regarded as likely to be affectively and behaviorally "neutral" (21) .
3) The mid-to late luteal phase (LL) was defined as the 4 days prior to menses, when estrogen and progesterone levels are beginning to drop and "premenstrual" symptoms tend to occur. A home test kit developed to aid in achieving or avoiding pregnancy (either OvuQUICK, manufactured by Monoclonal Antibodies, San Diego, CA; or Clearplan Easy, manufactured by Whitehall Laboratories, New York, NY) was used to pinpoint the LH surge, which precedes ovulation by 24 to 36 hours and the onset of next menses by approximately 14 days; subjects were scheduled accordingly. To verify that the cycle under investigation was ovulatory, subjects were asked to bring first morning urine samples to the lab on the 7th-9th days following the LH surge, and a qualitative assay of pregnanediol glucuronide, a progesterone metabolite, was conducted.
Study sessions were conducted at midday (sometime between 10:00 a.m and 1:30 p.m; standard for each subject) on two consecutive weekdays (ad lib smoking vs. overnight abstinence sessions) in each of the three identified menstrual phases. For three of the six sessions, once in each menstrual phase, the subject smoked ad lib prior to that day's session. For the other three sessions, the subject was asked to abstain from smoking for twelve hours preceding the session. At the beginning of each session, subjects were tested for expired carbon monoxide with the VITALOGRAPH-EC50 monitor to determine compliance with the abstinence requirement. On nonsmoking days, values above 15 ppm would have disqualified subjects for that day's session. Compliance was subsequently verified by nicotine assay. To minimize the impact of possible order effects, subjects were randomly assigned to one of two smoking status sequences (ad lib smoking day first vs. abstinence day first) and one of three menstrual phase sequences (EF first, M/LF first, LL first; total of six possible sequences). Blood sampling occurred periodically via an indwelling catheter inserted into a forearm vein. Nicotine levels were assayed using an HPLC method (11); estradiol and progesterone were analyzed using RIA techniques (3, 16) . Taste testing was conducted after all data for the main study had been collected and the catheter had been removed, by personnel trained by the third author and his staff (to ensure test administration conditions identical to those maintained in his laboratory). On smoking days only, to standardize the nicotine deprivation period, subjects smoked about 15 minutes prior to taste testing. Data were analyzed using ANOVAs with smoking status as a grouping factor and sucrose concentration as a repeated measure. For the menstrual/abstinence study, repeated-measures ANOVAs, with 2 levels of smoking (ad lib smoking and overnight abstinence), 3 levels of menstrual phase (EF, M/LF, and LL), and 5 levels of sucrose concentration were conducted. Post hoc tests were carried out as appropriate. Chi-square analyses were carried out to determine whether the proportion of sweettaste preferrers (those whose scores on the 16% and 32% concentrations exceeded scores on the 2% and 4% concentrations) differed significantly among groups.
RESULTS
Significant age differences among the groups were detected, F(2,61)=2156.52, p<0.0001. Post hoc analysis using the t-test for differences among several means (1) revealed that the exsmokers were significantly older than both the nonsmokers (p<0.05) and the smokers (p<0.001); smokers and nonsmokers did not differ significantly in age. No significant group differences emerged for BMI.
Preliminary analyses revealed no differences in taste behavior based on BMI, so data for normal-weight and obese subjects were pooled. Table 1 shows baseline data for the three groups of smokers, and for the subgroup that participated in the menstrual phase/abstinence study.
As shown in Fig. 1 , all groups and subgroups showed an orderly and highly significant dose-response curve for perception of sweet taste [overall, F(4,244)=235.51, p=0.000]. No significant group or interaction effects were detected. 
Group Differences in Sweet-Taste Preference
Since no significant effect for menstrual phase was uncovered (see below), and since other subjects included in the database had been tested without reference to menstrual phase, a mean of ratings for the three ad lib smoking sessions was computed to provide the datapoints for these nine subjects in subsequent analyses of group differences. Figure 2 shows overall preference patterns for the three groups. A 2-way ANOVA (3 smoking status groups × 5 concentrations) revealed no significant main or interaction effects.
Previous experience with the taste testing procedure has led to the identification of two groups of people--sweet-taste preferrers (those who rate the two highest concentrations more favorably than the two lowest) and nonpreferrers (those who do not) (23) . Preferrers comprised 45% of the smokers (9/20), 33% of the ex-smokers (6/18), and 8% of the never-smokers (2/26); a chi-square test indicated a significant relationship between sweet 
Effects of Menstrual Phase and of Overnight Abstinence Upon Sweet Taste Preference
All subjects in the menstrual/abstinence study succeeded in meeting the criteria for overnight abstinence, as measured by CO and subsequently verified by plasma nicotine levels of < 10 ng/ ml. Some difficulties in predicting the LL phase occurred; of the total of 18 LL sessions (2 LL sessions for each of 9 subjects), 4 subsequently proved to have been scheduled 1-3 days earlier than intended, and 1 had to be run shortly after the onset of menses because insurmountable logistical problems prevented rescheduling during the next month. Consistent with the fact that several subjects were tested early, means for LL progesterone (5.7---2.0 ng/ml for the ad lib smoking day; 6.3---2.5 ng/ml for the abstinence day) exceeded the expected values for Day -4 through onset of menses (usually <2 ng/ml); all other progesterone means and all estradiol means were in the expected range. As anticipated, there was a significant main effect of phase for progesterone and a trend towards a significant phase effect for estradiol; no smoking status or interaction effects were detected (19) .
The taste test results were analyzed using a 3 (menstrual phase) x 2 (smoking condition) × 5 (sugar water concentration). No significant main or interaction effects emerged from this analysis. A separate analysis including only the five sweettaste preferrers was conducted. As expected (since subjects were selected for uniformity along this dimension), it revealed a significant main effect for concentration, F(4,16) = 48.0, p = 0.000. There was also a significant main effect for ad lib smoking vs. abstinence, F(1,4)= 8.00, p=0.047, but no significant main effect for menstrual phase or any interaction. No such pattern emerged from an analysis of the four nonpreferrers. Figure 3 shows preference patterns for the two preference groupings among the nine smokers included in this analysis. For preferrers, nonpreferrers, and the group as a whole, perception of sweet taste showed significant increases as a function of concentration [respectively, F(4,16) = 92.11; F(4,12) = 214.33; F(4,32) = 249.53; for all, p =0.000] but no significant main effects for phase or smoking and no significant interactions.
DISCUSSION
Consistent with the findings of Perkins et al. (17) , an orderly dose-response curve was observed for perception of sweet taste in the group as a whole and in all subgroups. Thus no distortions in perception appear to be associated with smoking or a history of having smoked.
Group Differences in Sweet Taste Preference
Although no overall differences were detected among taste preference curves for the three groups, significantly more smokers than nonsmokers showed a preference for the higher sucrose concentrations--possibly indicating that a higher degree of stimulation was required in smokers to produce satisfaction. Prospective studies would be required to determine whether the preference preceded smoking acquisition, or whether it rather resulted from the central or peripheral effects of chronic smoking/nicotine administration. The apparent persistence of these effects in a substantial percentage of ex-smokers tends to suggest that a preference for sweeter-tasting food may have preceded smoking initiation and indeed, may serve as a marker of susceptibility to smoking; alternatively, chronic nicotine use may produce irreversible changes in sweet taste preference. The persistence in ex-smokers also renders it unlikely that the observed differences are attributable to the significant between-group age differences, since the nonsmokers were older than the smokers and younger than the exsmokers.
as confirmed by higher mean progesterone levels than expected, we may have missed capturing effects specifically atttributable to "premenstrual" factors. Furthermore, our small sample may have been inadequate to reveal phase differences if they existed. Consistent with the findings of Perkins et al. (17) , no significant differences in taste preference between overnight abstinence and ad lib smoking were observed. When the subjects were divided into preferrers and nonpreferrers, however, the former rated their overall preference for the solutions significantly higher during the ad lib smoking sessions than during the nonsmoking sessions. Thus, after a brief abstinence from smoking, there was a preference shift such that, for example, an 8% concentration of sucrose was required, among these "sweet tooth" subjects, to produce a preference rating similar to ratings of the 2% and 4% concentrations during ad lib smoking. If differences in preference between abstinence and ad lib smoking persist over time, then such smokers might tend to eat sweeter foods following smoking cessation in order to achieve an equivalent degree of satisfaction. Since comparable abstinence-related differences in perception of sweet taste were not detected, it seems unlikely that the observed differences in preference were attributable to the acute effects of smoking on taste perception; a larger sample, however, would be required to rule out this possibility. No such orderly effects were observed in the nonpreferrers, but again, a larger sample would be required to achieve adequate power to reject the null hypothesis definitively.
Conclusion
Our findings overall provide evidence of differences between smoking and nonsmoking women with respect to taste preference and suggest that, at least in a subset of female smokers who prefer sweeter-tasting solutions, preference is affected by nicotine abstinence/acute nicotine dosing. Although it cannot be determined from our study whether our findings can be generalized to male smokers, the fact that women smokers tend to be more concerned about weight gain than their male counterparts (7, 21) , combined with the fact that the prevalence of smoking in American women has shown a much shallower decline than in men (25) , underscores the particular importance of such research in female samples. It is to be hoped that studies such as the present one will contribute to the identification of factors specific to smoking in women that could be used as the basis for the development of more effective, targeted treatment strategies.
